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Aim: To generate reference values for respiratory muscle strength in healthy children aged
three to twelve years.
Methods: Participants were recruited from three schools and selected after a respiratory
disease questionnaire analysis and written informed consent by parents or guardians. All
participants included in the study had normal spirometry, height and weight were measured
on the same day. Respiratory muscle strength was evaluated by a single examiner following
the guidelines for pulmonary function tests. The association between MIP and MEP values with
the potential predictive variables was analyzed using a multiple linear regression model.
Results: A total of 171 participants were selected and distributed evenly by age. The age,
height, weight and forced vital capacity showed moderate to strong correlations with both
respiratory pressures. However, the regression model showed that height and weight were
the best variables to predict MIP in both sexes, and age and weight to predict MEP. The power
of prediction (R2) ranged from 46 to 58%. The intraclass correlation coefficient was used in
a subgroup and demonstrated excellent reproducibility between tests.
Conclusion: The results of this study demonstrate that the behavior of respiratory muscle
strength in healthy preschool and school children can be explained by age, height and weight.
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1640 J.P. Heinzmann-Filho et al.Introduction
Respiratory muscle strength is evaluated by measuring the
maximal static respiratory pressures and it reflects the
function of the respiratory muscles.1,2 This resource is
outstanding for being a quick, non-invasive method, and
because it is simple to measure.3 It consists of two different
measures, one to evaluate the strength of the inspiratory
muscles through maximal inspiratory pressure (MIP), and
the other to investigate expiratory muscle strength through
maximal expiratory pressure (MEP).4,5 Both pressures are
measures generated by maximal efforts in the mouth
through an occluded airway.6 They depend not only on
respiratory muscle strength, but also on the capacity to
understand, effort made during maneuvers7 and the
pulmonary volume at which measurements were
performed.8
The evaluation of respiratory pressures is an often used
resource to determine muscle weakness,9,10 to quantify the
severity of given diseases11 and for its prognostic value.12 In
children it helps manage and follow up neuromuscular
diseases,13 pulmonary diseases14 such as asthma and cystic
fibrosis, besides being used in rehabilitation programs,4
weaning and postoperative processes.15 In clinical prac-
tice, respiratory muscle weakness may be associated with
hypercapnia, recurrent respiratory infections and ineffi-
cient coughing, predisposing to the development of atel-
ectasis, respiratory failure, compromising the ventilatory
capacity and collaborating with the onset of more severe
morbidities.16,17 Thus, measuring respiratory muscle
strength can help evaluate and manage different clinical
conditions. Therefore, several studies were performed to
generate normality values for maximal static respiratory
pressures in children and in adults, demonstrating the
influence of factors such as age, gender, weight and
height.3,13,18,19 However, the way each of these variables
can influence the prediction of normality values appears to
vary in different populations, justifying the generation of
referential equations in different places. Furthermore, so
far there are no reference values for preschoolers, which
limits their use in children below the age of six years, due
to the impossibility of normalizing the results obtained.
Therefore, considering that respiratory muscle strength
is often used to evaluate the function of the respiratory
muscles in the pediatric age group, and that this is influ-
enced by different factors, the purpose of the study was to
generate reference values for respiratory muscle strength
in healthy children and adolescents from three to twelve
years of age. The generation of current reference equations
including the preschool age group may help evaluate and
provide a prognosis for various diseases and rehabilitation
programs, collaborating with the use of this resource at
different centers.
Methods
A cross-sectional study was performed in healthy children
and adolescents aged three to twelve years, at three
schools in Porto Alegre, state of Rio Grande do Sul, Brazil (2
public schools and 1 private school), from May to December
2011. Sample size was estimated based on the data on thefirst 50 participants included in the study. Based on the
behavior of the main variables of interest (MIP and height),
and adopting a level of significance of 0.05, a power of 95%
and a minimum correlation of 0.25, the estimated sample
size was approximately 170 children and adolescents. The
study was approved by the Ethics in Research Committee of
the Pontifical Catholic University of Rio Grande do Sul,
under number 11/05503. All the legal guardians of the
individuals tested read and signed the free and informed
consent before the study was performed.
First a questionnaire on respiratory diseases and the
consent form were sent to the legal guardians of the
students, through the school, inviting them to participate in
the study. After completing and returning these instru-
ments, the children were selected and called to carry out
the tests at their school. The study participants were chil-
dren and adolescents who were healthy from the respira-
tory standpoint, analyzed trough the questionnaire on
respiratory diseases elaborated by pediatric pulmonolo-
gists, based on the questionnaire recommended by the
American Thoracic Society e Division of Lung Diseases
(ATS-DLD-78-C), adapted and previously validated for use in
Brazil.20 For inclusion in the study, individuals also had to
undergo a pulmonary function test (spirometry) considered
normal for the age group.21 The children excluded from the
study were those with a history of prematurity (<37
weeks), low birth weight (<2500 g), active smokers, prior
history of recurrent or active wheezing, cardiac disease,
neuromuscular disease, scoliosis and chest surgery. The
children who had respiratory infections on the day of the
test and who could not perform the maneuvers acceptably
and reproducibly were also excluded.1
The sample studied was selected by convenience during
the school term, in the morning and afternoon shifts. The
evaluations were performed in the following order:
anthropometric measurements (weight and height), lung
function (spirometry) and respiratory muscle strength
(manovacuometry).
Anthropometric evaluation was performed by measuring
weight and height in triplicate, or until two identical values
were obtained. Weight was obtained with the individuals in
orthostatic position, wearing a minimum of clothes, no
shoes, and using a digital scale (G-Tech, Glass 1 FW, Rio de
Janeiro, Brazil) previously calibrated to a precision of
100 g. Height was measured with the participants barefoot,
their feet in a parallel position, ankles joined, arms
stretched along the body, with the head positioned so that
the lower part of the ocular orbit would be on the same
plane as the external orifice of the ear.22 The measures of
height were obtained using a portable stadiometer (Altur-
aExata, TBW, Sa˜o Paulo, Brazil) with a 1 mm precision.
Spirometry was performed using a flux-based KOKO
(Louisville, CO, USA) spirometer. The spirometric parame-
ters evaluated included forced vital capacity (FVC), forced
expiratory volume at the first second (FEV1) and forced
expiratory flow 25e75% (FEF25e75). Calibration was per-
formed before each test session following the manufac-
turer’s instructions. After instruction and prior training, the
children were oriented to begin the test. Spirometry was
performed individually, in orthostatic position and without
the use of a nose clip.23 All the participants did at least
three forced expiration maneuvers and the best curve was
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Respiratory muscle strength in healthy children 1641chosen by the software itself or by the technician when
appropriate. FEV1 and FVC above 80% of the predicted
values were considered normal. The spirometric values
were expressed in absolute values and Z-score.21
Respiratory muscle strength was always evaluated by the
same evaluator, using a digital manovacuometer (MVD300,
Globalmed, Porto Alegre, Brazil) previously calibrated and
with a variation of300 toþ300 cmH2O. The instrument was
connected to a silicone tube, coupled to an isolating filter and
to a 2.5 cm internal diameter connector, which was con-
nected to the mouthpiece. The flattish, semi-rigid mouth-
piece had an orifice approximately 2 mm in diameter to
prevent the increase of intraoral pressure generated by the
contraction of the oral-cavity muscles.24 To avoid letting the
air escape, individuals were told to keep themouthpiece held
firmly around their lips.8 Before measuring the respiratory
pressures, the technician demonstrated and provided detail
instructions on how to perform the maneuvers.
First the MIP measurement was performed, beginning
from the residual volume, followed by MEP evaluation from
the total lung capacity1 During the latter measurement,
individuals were advised to position their hands on their
cheek to prevent air from accumulating in the lateral
region of the oral cavity.8 The measurements were per-
formed in the sitting position, with the trunk erect at a 90
position to the hip and using a nose clip.25 Both measure-
ments were performed with maximal respiratory effort, at
intervals of approximately 1 min between measures and
sustained for at least 1 s.26 A minimum of three and
a maximum of nine measures were used for each test.19 The
test ended when technically correct maneuvers were ob-
tained, including three acceptable measures (without air
escaping) and two reproducible ones (variation of less that
10% between the two largest maneuvers). The last recorded
value could not be greater than the previous ones1 and the
final result was the highest value obtained.
To evaluate maneuver reproducibility, a subgroup of 29
children from the sample itself was randomized and
selected to repeat the measurements. The test was
repeated three weeks after the first one.T
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yeStatistical analysis
The main variables of the study were evaluated using the
KolmogoroveSmirnov test and presented a normal distri-
bution, thus being shown in mean and standard-deviation.
The spirometric data were expressed in absolute value
and z-score of the predicted value, and the results of
respiratory muscle strength in cmH2O. The comparisons of
the maximal static respiratory pressures between different
age groups were done using a one-way ANOVA followed by
the Bonferroni post-test. The Pearson correlation test was
used to evaluate possible correlations of several predictors
with respiratory muscle strength values. The association
between the values of MIP and MEP with the potential
predictive variables (gender, age, height, weight,
ethnicity) were analyzed using a multiple linear regression
model. The best combination of variables was selected
using the stepwise method. Test reproducibility was eval-
uated calculating the intraclass correlation coefficient
(ICC), in which values above 0.75 indicate excellent
1642 J.P. Heinzmann-Filho et al.reproducibility. All the analyses and data processing were
performed using the SPSS program, version 18.0 (SPSS Inc.,
USA). In all cases, the differences were considered signifi-
cant when p < 0.05.
Results
A total of 202 healthy children and adolescents were selected
using the respiratory diseases questionnaire. One of themwas
not found on the day of the test, two had respiratory infec-
tions, one refused to do the test, twelve presented spiro-
metric values below the limit of normalcy and fifteen were
unsuccessful at manovacuometry. Due to the high rate of
failure in the three-year old age group (8/8), the data pre-
sented below include volunteers aged 4e12 years. Thus, the
final sample of the studywas composed of 171 participants, 83
male, with a mean age of 8.61 2.51. Table 1 shows the data
that characterize the sample. Of these, 71.3% (122) were
white, 15.3% (27) black, 12.3% (21) brown and 0.6% (1) yellow.
All of the children and adolescents included underwent a lung
function test (spirometry) and presented normal values for
FVC, FEV1 and FEF25e75 (Table 2).
In general, the mean respiratory muscle strength values
tend to be higher in boys than in girls, but without signifi-
cant differences. On the other hand, the maximal static
respiratory pressures increased significantly according to
age. It should be emphasized that both in boys and in girls,
the preschool age group (4e6 years of age) presented
significantly lower respiratory muscle force values
(p < 0.001) compared to the other age groups (Table 3).
Test reproducibility was evaluated in 29 participants to
calculate the intraclass correlation coefficient (ICC). ICC
calculated for the two tests was 0.98 for MIP and 0.97 for MEP,
indicating the high reproducibility of the evaluations. Thus,
themaneuvers obtained during the first evaluation were used
to generate the reference equations. Fig. 1 presents the
BlandeAltman graph, showing that 95% of the differences
were within two standard deviations from the mean, pointing
to the fact that both tests are very similar and have excellent
reproducibility. The mean of MIP (cmH2O) in the first test was
87.75 21.62 and90.20  22.04 in the second one, while
MEP (cmH2O) was 99.51  28.28 and 104.06  29.58,
respectively. Themean difference (cmH2O) was2.44 0.41
for MIP and 4.55  1.29 for MEP.Table 2 Baseline spirometric values according to gender and a
Spirometric
variables
Male
4e6 years 7e9 years 10e12 years Overall
FVC
Absolute 1.43  0.23 2.12  0.33 2.90  0.48 2.12  0
Z-score 0.53  1.10 0.54  0.97 0.96  0.99 0.66  1
FEV1
Absolute 1.30  0.20 1.92  0.28 2.54  0.40 1.90  0
Z-score 0.45  1.12 0.85  0.94 1.17  1.02 0.81  1
FEF25e75
Absolute 1.74  0.35 2.53  0.42 2.94  0.58 2.39  0
Z-score 0.21  0.85 0.79  0.74 0.47  0.76 0.50  0
Values are expressed as mean and standard deviation. Spirometric da
forced vital capacity. FEV1: forced expiratory volume in 1 s. FEF25e75Using the Pearson correlation test, we found that MIP
presented a strong correlation with age (r Z 0.70;
p < 0.001), height (r Z 0.74; p < 0.001) and weight
(r Z 0.72; p < 0.001) in males and with age (r Z 0.70;
p < 0.001), height (r Z 0.75; p < 0.001) and weight
(r Z 0.75; p < 0.001) in females. MEP was moderately
correlated in boys and girls with age (r Z 0.62; p < 0.001
and r Z 0.68; p < 0.001), height (r Z 0.65; p < 0.001 and
r Z 0.67; p < 0.001) and weight (r Z 0.65; p < 0.001 and
r Z 0.68; p < 0.001), respectively. FVC also presented
a strong correlation with MIP in boys (r Z 0.71; p < 0.001)
and girls (r Z 0.75; p < 0.001). On the other hand, as to
MEP there was a strong correlation in females (r Z 0.71;
p < 0.001) and a moderate correlation in males (r Z 0.63;
p < 0.001).
The stepwise method was used in a multiple linear
regression model, in order to obtain the best combination
of independent variables to estimate the respiratory
muscle strength values. The height and weight helped
explain, respectively, 58.6% and 58.9% of MIP in boys and
girls. On the other hand, for MEP, weight and age contrib-
uted 46.4% and 51.5%, respectively. These were the best
models obtained in multiple regression to estimate the
dependent variables. Race was also tested, but did not
significantly influence the model. Thus, the models were
separated by gender and the following formulas were ob-
tained to predict respiratory muscle strength values:
MIP (cmH2O):
Boys Z 17.879  [0.674  height
(cm)]  [0.604  weight (kg)]
R2 Z 0.586/Standard error of the estimate Z 13.211.
Girls Z 14.226  [0.551  height
(cm)]  [0.638  weight (kg)]
R2 Z 0.589/Standard error of the estimate Z 14.579.
MEP (cmH2O):
Boys Z 47.417 þ [0.898  weight (kg)] þ [3.166  age
(years)]
R2 Z 0.464/Standard error of the estimate Z 18.670.
Girls Z 30.045 þ [0.749  weight (kg)] þ [4.213  age
(years)]
R2 Z 0.515/Standard error of the estimate Z 19.200.
When the values of the respiratory pressures predicted
by the equation of this study were correlated to the
equations proposed by Wilson et al. 1984, Tomalak et al.ge.
Female
4e6 years 7e9 years 10e12 years Overall
.69 1.36  0.27 1.90  0.44 2.85  0.69 2.10  0.80
.03 0.67  0.80 0.34  0.98 0.63  1.41 0.54  1.12
.58 1.29  0.23 1.74  0.37 2.57  0.58 1.92  0.68
.06 0.79  0.78 0.55  0.93 0.77  1.22 0.70  1.01
.67 1.80  0.39 2.42  0.56 3.26  0.73 2.55  0.84
.81 0.47  0.74 0.61  0.90 0.55  0.79 0.55  0.81
ta presented in absolute values and the predicted z-score.21 FVC:
: forced expiratory flow at 25e75 in forced vital capacity.
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Figure 1 BlandeAltman plot showing the individual differ-
ences between the two tests, MIP (A) and MEP (B), versus mean
values of respiratory muscle strength, with a three-week
interval between tests. The solid line indicates the mean
difference between paired measurements and the dotted lines
indicate the 95% limits of agreement.
Respiratory muscle strength in healthy children 16432002 and Dome`nech-Clar et al. 2003, strong, significant
correlations were demonstrated. MIP presented a correla-
tion coefficient, respectively, of r Z 0.96, r Z 0.79 and
rZ 0.98 (p < 0.001) for females and rZ 0.94, rZ 0.77 and
r Z 0.92 (p < 0.001) for males. Likewise, MEP presented
correlation coefficients of rZ 0.89, rZ 0.89 and rZ 0.84
(p < 0.001) for girls and of rZ 0.83, rZ 0.83 and rZ 0.96
(p < 0.001) for boys. However, despite the strong correla-
tions with previous studies, the predictions performed by
prior equations present a tendency to overestimate respi-
ratory muscle force for both genders in our population
(Fig. 2).
Discussion
Measuring the respiratory pressures can contribute to the
evaluation of respiratory system function in preschool and
school age children. However, the absence of reference
values for specific populations may make it difficult to
interpret these findings. Using a multiple linear regression
model, this study shows the relationship between the main
independent variables to predict maximal respiratory
Figure 2 Scatter plots showing the correlation of predicted values by the reference equation proposed in our study and three
previous studies with the absolute values obtained for MIP in boys (A) and girls (C) and MEP in boys (B) and girls (D).
1644 J.P. Heinzmann-Filho et al.pressures. Age, height, weight and FVC generally presented
moderate to strong correlations, both to MIP and MEP.
However, using the regression model, height and weight
were the best variables to predict MIP in both genders and
weight and age to predict MEP. Several prior stud-
ies4,13,19,27e31 evaluated healthy children and adolescents
from the same age group as our study, but only three4,13,19
proposed referential equation models, using maneuvers
based on the same lung volumes and on the sitting position
while the test is being performed.
Wilson et al. 1984 demonstrated that weight for MIP, and
age for MEP, were the only variables with predictive values
in both genders. In another study,4 age was the only vari-
able that influenced the model. On the other hand,
Dome`nech-Clar et al. 2003 used age, height and weight for
MIP of both genders and for the boys’ MEP, while in the
prediction of the girls’ MEP only age was used. In these
studies, the power of prediction, evaluated through the
square of the correlation coefficient (R2), ranged from 9 to
51%, while the present study demonstrated a power from 46
to 58%.
As reported by several authors4,13,19,28 the mean respi-
ratory muscle strength values were higher in males. In this
study, although there were no statistical differences, we
find higher values for boys compared to girls, so that the
gender variable has an important weight in the composition
of the predictive model, justifying the generation of inde-
pendent formulas, both in our study and in the others.Besides, within each gender group the values tend to
increase according to age, and the preschool age group
presents significantly lower values compared to the other
age groups, emphasizing the need to generate reference
values for this population.
The results of respiratory muscle strength obtained with
the equations generated in this study present a strong
correlation with the predictions attained based on prior
studies,4,13,19 indicating that all equations proposed are
sensitive to discriminate age variations and anthropometric
data. However, the values of respiratory pressures esti-
mated by the previous studies tend to overestimate the
findings of respiratory muscle strength in both genders for
the population evaluated in our study, emphasizing the
importance of local and current reference values for the
adequate prediction of respiratory muscle function.
As far as we know, this is the first study that evaluated
respiratory muscle strength in a preschool population, and
also the first to evaluate healthy children and adolescents
in the school age group in South America. The absence of
reference values in the preschool population has been
ascribed to the low reproducibility of maneuvers, difficulty
in understanding, and little cooperation by children in this
age group.19,28,32 In this study no different method was
used for the preschool age group, only a higher level of
explanation, demonstration, time of measurement and
patience by the technician to perform the tests. Besides, it
is emphasized that all children included in the study also
Respiratory muscle strength in healthy children 1645underwent a spirometric exam, which demonstrates their
capacity to cooperate and understand. All the same, it was
not possible to establish values for the three-year old age
group, suggesting that new methods must be developed to
enable adequate evaluation in this group.
Different from other studies13,19,27,28 that evaluated
only Caucasians, our sample included children and adoles-
cents of different origins and skin color. Ethnic origin is
cited by other studies27,32 as a possible contributing factor
influencing the findings of respiratory muscle strength.
However, due to the homogeneity of the populations in
other studies, not including children of other ethnicities,
the influence of the race variable had not been previously
tested. Thus, this is the first study in the child population
that tested the participation of skin color in the predictive
model, showing that it did not have any significant influ-
ence on the behavior of maximal static respiratory
pressures.
The reproducibility of the evaluation tests in the pedi-
atric population is very important due to the need for
cooperation in order to perform them properly. In our
study, respiratory muscle strength was evaluated in
a subgroup of individuals at two different times, showing an
ICC of 0.98 for MIP and of 0.97 for MEP. These results show
that, although they include the preschool age group, the
tests presented excellent reproducibility, indicating that
performing a single test appears to be sufficient. Even
evaluating reproducibility only in the preschool age group,
the values (0.94 for MIP and 0.92 for MEP) remain within an
excellent range. Besides, having the techniques performed
by a single evaluator and using a three-week interval,
diminishing the learning effect, helps reduce the variability
between tests. A previous study also showed excellent
reproducibility, with an ICC of 0.95 and 0.98 for MIP and
MEP, respectively. Other studies13,27e31 evaluated the
variation coefficient and showed low variability, ranging
from 3 to 15% for both respiratory pressures. These findings
suggest that the pediatric population, when well instructed
and trained, manages to perform the maneuvers satisfac-
torily, generating a good quality test.
In conclusion, the results of this study demonstrated
that the behavior of respiratory muscle strength in healthy
preschoolers and school age children could be explained as
a function of age, height and weight. This is the first study
demonstrating normality values for children below the age
of six years. The generation of reference equations in this
age group could help perform a better evaluation and
follow up of children and adolescents with alterations of
respiratory muscle function.
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